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Abstract We investigated the sex ratios of Sasakia charonda, rearing larvae of the fourth and 
sixth instars and pupae that were collected in the field. Wild adults detected along a census 
route were also examined for comparison. The sex ratios of emerged adults by rearing larvae 
of the fourth and sixth instars and pupae were found to be approximately 1: 1, but the ratio of 
wild adults found along the census route was significantly biased towards males. In order to 
obtain more accurate results of the sex ratios of wild adults, we further counted the number of 
male and female adults in the other census sites. As the result, we found the trend that the 
greater number of males was detected in the specific sites but females were rare and even in every 
census site. The differences in adult distribution patterns between the male and the female 
might determine the male predominant sex ratio in sites along the census routes. 
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Introduction 


Sasakia charonda was formerly common in its habitats such as the coppice. However, the 
population density of this species has decreased by the cutting of the coppice with the change 
of land use in recent years, and activities for the conservation of this butterfly have been 
initiated (Makibayashi, 1996; Takahashi, 1996; Higuchi, 1996; Atobe, 1996). Our previous 
reports provided fundamental information about the population ecology of S. charonda, 
including the relationship between vegetation types surrounding the host plants and the 
mortality factors of eggs, larvae and pupae (Kobayashi & Inaizumi, 2000, 2002) or oviposition 
preference of adults (Kobayashi & Inaizumi, unpublished). However, in these reports, the 
population structure of adults such as the sex ratio or the distribution pattern of male and 
female adults were not reported. In this study, we examine the population structure of 
adults, including the sex ratio of each developmental stage (larvae of the fourth or sixth 
instars, pupae and adults) and the distribution pattern of both sexes of adults, which will 
provide necessary information for the strategy of conservation activities. We will also discuss 
the behavioral and distributional patterns of both male and female adults in the daytime, 
which are associated with the sex ratio of the adult population. 


Materials and methods 


1. Study area 


The study area was within a radius of 1.5 km from the fixed point of a field affiliated with 
Utsunomiya University. The fixed point is located at 84.5 m above sea level. 
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2. Census courses 


In order to investigate the distribution pattern of both sexes of adults, 9 circular courses 
(hereinafter referred to course A through course I) were established in the study area so as not 
to overlap each other. Each course was about 2 km in circumference. Since our prelimi- 
nary survey showed that more adults were found in course A than in any other courses, we 
intensively examined the sex ratio of adults in course A. The landscape around the 9 census 
courses included artificial forests of Quercus acutissima, Q. serrata, Castanopsis crenata, 
Cryptomeria japonica or Chamaecyparis obtusa, paddies, crop fields, waste fields and a forest 
on the premises. Wild Chinese hackberries (Celtis sinensis), host trees of S. charonda, were 
found at the forest margins, which were close to every course. Artificial forests of Q. 
acutissima, Q. serrata, and C. crenata covered the ground around the courses A, C and E 
more widely than around the other courses. Adults of S. charonda often flew to sap oozing 
out of stems of Q. acutissima. There were more Q. acutissima trees oozing sap around the 
course A, C and E than around the other courses. 


3. Methods 
(1) Sex ratio of the fourth instar larvae 


On April 5, 1998, we searched for the fourth instar larvae within a radius of 50 cm of the roots 
of four C. sinensis trees grown in the study area and then collected 69, 12, 13 and 6 larvae 
from each tree for examination. Each larva was reared on branches of C. sinensis covered 
by fine meshed nets (0.18 mm meshes) and their sex was judged by the method of Mori (1975) 
when the larvae pupated. The differences in the sex ratio of pupated individuals collected 
in each tree (from 1:1) and the sex ratio of pooled individuals in all four trees (from 1 : 1) 
were tested by binomial or standard distribution. 


(2) Sex ratio of the late sixth instar larvae and pupae 


On June 22, 1997, 10 Chinese hackberry trees in the study area were cut down at the height 
of their roots, and the larvae or pupae were collected after careful observation of stems, 
branches and both sides of leaves. The sex of each pupa was determined by the method of 
Mori (1975) and the larvae collected were reared to pupae by the same method as (1) for sex 
determination. The differences in the sex ratio of pupae in each tree (from 1 : 1) and that of 
pupae pooled in all 10 trees (from |: 1) were tested by binomial or standard distribution. 


(3) Sex ratio of adult population and behavioral patterns of male and female adults in 
census course A 


One of us walked around course A for a total of 21 days during fine weather from June 29, 
1998 to August 20, 1998. A census was performed at any time from 9:00 to 16:00. The 
investigator recorded the number of adults, whether they are female or male, and the pattern 
of behavior (flying or not) when we found the adults in each course. As for non-flying 
adults, whether or not they sucked the sap was recorded. The difference in the rate of the 
number of flying and non-flying individuals between males and females was tested by 
chi-square test. The difference in the rate of the number of sucking and non-sucking 
individuals between males and females was tested by Fisher’s exact probability test. The 
difference in the sex ratio of adults on each day of the patrol (from 1:1) was statistically 
tested by binomial or standard distribution. 
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(4) Distribution patterns of male and female adults during the daytime 


One of us walked around course B, C, D, E, F, G, H and I for a total of three days from June 
29 to August 20, 1998. The investigator walked around three of the eight courses a day and 
recorded the number of adults, and whether they are female or male. A census was 
performed at any time from 9 : 00 to 16: 00 during fine weather. To clarify the distributional 
pattern of adult males and females, the numbers of males and females detected for three 
censuses in course from A through I was compared. The number of males and females for 
three censuses in course A was calculated by dividing the values for 21 censuses (obtained in 
(3)) by 7. The differences between the number of individuals detected in each course and 
the expected value (1:1:1:1:1:1:1:1:1) for male and female were tested by chi-square 
test. 


Results 
(1) Sex ratio of the fourth instar larvae 


Table 1. The sex ratio of fourth instar larvae collected in each tree. 




















tree number of number of dad male. mee sex ratio 
no. larvae found larvae collected (% of males)? 
1 12 12 0 7 5 58.3 NS? 
2 69 69 23 21 25 45.7 NS? 
3 149 13 3 4 6 40.0 NS” 
4 79 6 1 2 3 40.0 NS” 
Total 309 100 27 34 39 46.6 NS? 








DDead individuals were excluded. 
Significance of sex-ratio difference from 1:1 (tested by binomial distribution). NS: P>0.05. 
Significance of sex-ratio difference from 1:1 (tested by standard distribution). NS: P>0.05. 


In Table 1, the number of larvae detected and collected from four trees and their sex ratios 
were shown. The sex of individuals which died during development was not determined. 
The sex ratio in each tree and that of pooled individuals in all four trees did not differ 
significantly from 1: 1. 


(2) Sex ratio of the late sixth instar larvae and pupae 


Table 2 shows the number of pupae or larvae collected from ten trees examined and their sex 
ratios. The sex of individuals which died at larval stage was not determined. We detected 
larvae or pupae in 8 out of 10 trees, and found that the larvae collected were at the end of 
sixth instar. The sex ratio of individuals in each tree or pooled individuals in all trees did 
not differ significantly from 1: 1. 


(3) Sex ratio of adult population and behavioral patterns of male and female adults in 
census course A 


In course A, the total number of males and females detected was 107 and 23, respectively, and 
the sex ratio was biased significantly towards males (Table 3). On each day of the examina- 
tion, the sex ratios was biased significantly towards males or did not significantly differ from 
1:1. The behavioral patterns of both sexes are shown in Table 4. The rates of individuals 
which were not flying were higher (74-76%) than those which were flying. The difference in 
the rate of individuals of each behavioral pattern (flying or non-flying) between males and 
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Table 2. The sex ratio of pupae and the late sixth instar 
larvae collected in each tree. 






































sex 
nie male female dead total ratio P» 
` (% of males) 
5 3 3 0 6 0.50 NS 
6 0 2 0 2 0.00 NS 
7 0 1 0 l 0.00 NS 
8 1 1 0 2 0.50 NS 
9 1 1 0 2 0.50 NS 
10 3 3 0 6 0.50 NS 
11 1 1 0 2 0.50 NS 
12 0 0 0 0 z 
13 0 0 0 0 = 
14 0 0 1 1 3 
total 9 12 1 22 0.43 NS 
VSignificance of sex-ratio difference from 1:1 by binomial 
distribution. NS: P>0.05. 
Table 3. The sex ratio of adults detected in course A. 
sex ratio 
date male female total (% of males) P» 
28-Jun 1 0 l 100.0 NS 
1-Jul 3 0 3 100.0 * 
2 16 3 19 84.2 n 
4 1 2 3 33.3 NS 
6 11 I 12 91.7 ae 
7 12 2 14 85.7 x 
8 16 ] 17 94.1 ae 
9 2 1 3 66.7 NS 
14 1 0 1 100.0 NS 
17 10 1 11 90.9 * 
24 15 5 20 75.0 * 
25 6 3 9 66.7 NS 
26 3 0 3 100.0 i 
27 3 1 4 75.0 NS 
28 5 1 6 83.3 NS 
9-Aug I 2 3 33.3 NS 
12 I 0 1 100.0 NS 
P? 
Total 107 23 130 82.3 x% 


DSignificance of sex-ratio 
binomial distribution). 

NS: P>0.05, *: P<0.05, 
Significance of sex-ratio difference from 1:1 (tested by 
standard distribution). 
**: P<0.01. 


females was not significant. 


difference from 1:1 (tseted by 


**: P<0.01. 


159 


Most non-flying male and female adults sucked the tree sap of 
Q. acutissima. No significant difference was observed in each behavioral pattern of individ- 
uals (sucking or not sucking tree sap) between males and females. 
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Table 4. The behavioral pattern of adult males and females 
detected in course A. 





behavioral pattern 

















total — Sle 

non-flying flying 

male 107 81 (76%) 26 (24%) 
female 23 17 (74%) 6 (26%) NS 
total number of the behavioral pattern pd 

non-flying individuals sucking non-sucking 

male 81 77 (95%) 4 (5%) 

female 17 16 (94%) 1 (6%) NS 








USignificance of difference in ratio of flying and non-flying individuals 
between males and females by chi-square test. NS: P>0.0S. 
Significance of difference in ratio of sucking and non-sucking individ- 
uals between males and females by Fisher’s exact probability test. NS: 
P>0.05. 


Table 5. Number of adult males and females for three censuses in 
each course. 





census course 
A B C D E F G H I P» 
male 15.1 1 5 l 14 0 0 0 0 ee 
female 3.3 1 0 0 1 1 0 2 1 NS 
USignificance of defference in the ratio of the detected number in each course 
ftom 1:1:1:1:1:1:1:1:1 by chi-square test. NS: P>0.05, **: P< 
0.01. 

















(4) Distribution and behavioral patterns of each male and female adult during the daytime 


The number of adult males and females detected for three censuses in courses A through I is 
shown in Table 5. In courses A, C and E, the numbers of males were larger than those in 
the other courses. On the other hand, only a small number of females were found in each 
course. A significant difference in the rate of number of males among 9 courses from 1:1: 
1:1:1:1:1:1:1 was detected, however, no significant difference of females was detected. 


Discussion 


We collected and reared the fourth and sixth instar larvae and pupae for studies of the sex 
ratios of these immature populations, and their sex ratios were found to be nearly 1 : 1 (Tables 
1 & 2). Since the mortality rate of wild pupae was extremely low compared with those of 
fifth or sixth instar larvae (Kobayashi & Inaizumi, 1999), the sex ratio of wild adults of S. 
charonda should be approximately 1:1. 


However, the route census in course A showed that the sex ratio of wild adults was found 
to be predominantly male (Table 3). This predominant male tendency in wild adult 
population was also reported in Japan in Parnassius citrinarius (= glacialis) (Matsumoto, 
1985; Kitahara, 1986), Pieris rapae (Suzuki, 1980), Aporia crataegi (Watanabe, 1978), 
Argyreus hyperbius (Itô, 2001), Luehdorfia japonica (Matsumoto, 1984; Matsumoto, 1994), 
Brenthis daphne (Kitahara, 1996), and in Erebia epipsodea (Brussard & Ehrlich, 1970) as 
reported in other countries. As we indicated in this study, the male and female ratio of the 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


The Sex Ratios of the Giant Purple Emperor 161 


larvae collected in the field was found to be nearly 1:1, but the wild adults showed a male 
predominancy in sex ratio. Similar results were obtained with L. japonica (Matsumoto, 
1984) or A. hyperbius (itd, 2001). 


In the results of route census in 9 courses, there were significantly more male adults on certain 
courses, A, C, and E than in the other courses (Table 5). There were only a small number 
of females in each course and the difference in the rate of number of females in each course 
from 1:1:1:1:1:1:1:1:1 was not significant. Therefore, one of the reasons for biased 
sex ratio into males in course A may be that adult males are distributed intensively in a 
certain site while females have a dispersal distribution. This difference in the distribution 
pattern between males and females may be caused by the different dispersal pattern that males 
tend to stay within a limited site while females disperse in a wider area, such as is known in 
Papilio xuthus (Suzuki et al., 1974) or P. rapae (Ohsaki, 1979, Suzuki, 1980). Course A, C 
or E, where more adult males were found, were located across the artificial forest of Q. 
acutissima. Around these courses, there were more Q. acutissima trees oozing sap out of the 
stem than around the other courses. Most of the males detected sucked the sap. The main 
food resource of adults of S. charonda in central Japan is sap of Q. acutissima (Fukuda et 
al., 1983). Therefore, the sites, where adult males flock, were supposed to be the artificial 
forests of consisting of Q. acutissima. 


Male predominance over females found in the wild adult populations might be also due to 
the females’ inactivity (Matsumoto, 1984, 1994). However, the behavioral patterns of the 
wild adults did not show any significant difference in male and female adults (Table 4). 
Since the presence or absence of adults in canopies of tall trees was not investigated, we 
cannot discuss well whether the difference in the patterns of behavior in the daytime between 
male and female adults affects the biased sex ratio into males or not. In the future, more 
detailed studies remain to be elucidated for the number of male and female adults as well as 
for their behavioral patterns in the canopy of tall trees. 
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BA CHS ZRAAAITV AO 4, ORB k UROTE, ZNSeHMRTS TLE 
CHR ODIZTL72. SSICM—bhUYYPACHOURRBOPELD FNC, ARROL & EERE L Ze. 
4s, 6 mp E k URO l EDko babor, V-—bhRYYACHDURK 
EORR oR. ROR OVELLORRIZOW CHET Sei, SOES? OWATHE 
PERCH OAM SHANK OS, PEO ARI HARE OME CS < Roka (BHAA), EDE 
BRULVT NORMA AH CS ABBE <<, Dbol (RA). EERE OTR OIE DS, 
VRE VAI BV CHEE DE IZ EA ee BROOD d Liev. 
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